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Semantic interoperability is essential to facilitate the computerized support for alerts, workﬂow manage-
ment and evidence-based healthcare across heterogeneous electronic health record (EHR) systems. Clin-
ical archetypes, which are formal deﬁnitions of speciﬁc clinical concepts deﬁned as specializations of a
generic reference (information) model, provide a mechanism to express data structures in a shared
and interoperable way. However, currently available archetype languages do not provide direct support
for mapping to formal ontologies and then exploiting reasoning on clinical knowledge, which are key
ingredients of full semantic interoperability, as stated in the SemanticHEALTH report [1]. This paper
reports on an approach to translate deﬁnitions expressed in the openEHR Archetype Deﬁnition Language
(ADL) to a formal representation expressed using the Ontology Web Language (OWL). The formal repre-
sentations are then integrated with rules expressed with Semantic Web Rule Language (SWRL) expres-
sions, providing an approach to apply the SWRL rules to concrete instances of clinical data. Sharing the
knowledge expressed in the form of rules is consistent with the philosophy of open sharing, encouraged
by archetypes. Our approach also allows the reuse of formal knowledge, expressed through ontologies,
and extends reuse to propositions of declarative knowledge, such as those encoded in clinical guidelines.
This paper describes the ADL-to-OWL translation approach, describes the techniques to map archetypes
to formal ontologies, and demonstrates how rules can be applied to the resulting representation. We pro-
vide examples taken from a patient safety alerting system to illustrate our approach.
 2010 Elsevier Inc. All rights reserved.1. Introduction Then the main contribution of archetypes to the general aims ofHealth systems interoperability is deﬁned in the Semantic-
HEALTH report [1] as ‘‘the ability, facilitated by [information and
communication technology] applications and systems, to ex-
change, understand and act on citizens/patients and other
health-related information and knowledge among linguistically
and culturally disparate health professionals, patients and other
actors and organizations within and across health system jurisdic-
tions in a collaborative manner’’. A number of approaches to the
interoperability of health systems have been proposed in the re-
cent years. Among them, the paradigm of archetypes has brought
to the ﬁeld a new way to deﬁne the models of electronic health re-
cords. A clinical archetype is a formal deﬁnition of a speciﬁc con-
cept that is created by constraining a generic reference
information model. The deﬁned concepts belong to a clinical do-
main model, where the key aspect is that, unlike narrative deﬁni-
tions, they are computable – that is, they can be generated and
reasoned against in automated ways. Clinical archetypes can be
used to normalize the information transfer between heterogeneous
healthcare systems, aimed at improving their interoperability.ll rights reserved.
cano), msicilia@uah.es (M.-A.interoperability comes from the paradigmof ‘‘two-levelmodelling’’,
in which the general information structures are separate from the
speciﬁc clinical situations or concepts. According to openEHR [2],
the two levels can be described as follows. A generic reference model
(RM)deﬁnes a logical information architecture for the interoperabil-
ity of electronic health record (EHR) systems, constituting a basic
representation framework. This RM includes a ﬂexible syntax and
some generic types of clinical information. Then, instances or spe-
cializations of that RM are devised in the form of constraints
expressed through more concrete ‘‘archetypes’’, which serve as a
shared language for commonand specialized clinical concepts. Once
an application with two-level modelling is implemented according
to a formal input and output syntax, it will not require further sub-
stantial adjustments in order to handle new concepts (in the form
of clinical statements) as long as the concepts conform to the RM.
As an example of the two-level modelling approach consider
Systolic Blood Pressure (SBP) measurements. SBP is a clinical
concept that can be deﬁned at the archetype level as representing
the peak systemic arterial Blood Pressure of a patient in a given
moment. In the open EHR RM, the deﬁnition of SBP is a specializa-
tion of an RM-level class called DV_QUANTITY.1 In general,1 Elements in the openEHR Reference Model (RM) are in Courier font from here on.
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among other attributes, SBP is specialized from DV_QUANTITY in that
the value allowed for magnitude is constrained to be less than 1000
and not less than zero, and the only value allowed for unit is milli-
meters of mercury (mmHg). SBP is further deﬁned as one of the ele-
ments of the Blood Pressure (BP) archetype. The BP archetype is in
turn a specialization of a wider RM class called OBSERVATION. Other
general classes in the RM are ACTION, EVALUATION and
INSTRUCTION.
Thus, the RM encompasses stable features, like the set of classes
that make up the blocks constituting an EHR and the basic syntax
of clinical data, while archetypes allow for sharing a wide variety of
combinations of those classes corresponding to EHR fragments cre-
ated for speciﬁc clinical situations. Other examples of clinical
terms that have already been speciﬁed as archetypes are medica-
tion order and transfusion. These archetypes can then be used or re-
ﬁned as reference data structures for the interchange of clinical
data. One of the greatest advantages of the philosophy of two-level
modelling with archetypes is that it allows the deﬁnition and shar-
ing of archetype expressions as a decentralized process, that is, a
process where large repositories of archetypes are updated and
maintained by a variety of cooperating groups of experts or institu-
tions, working on the same or different domains.
Nonetheless, the consideration of semantic interoperability
introduces the need for computational semantics to be associated
with archetypes. Continuing with the previous example, a health
care information system that receives an instance of the BP
OBSERVATION, should be able to deliver it to a hypertension spe-
cialist (if that is a requirement in the institution), who would pro-
ceed to deal with its assessment. This is clearly a signiﬁcant
advance for the interoperability of health systems, as the Blood
Pressure data can be provided by a different EHR system conform-
ing to the same archetype speciﬁcation. However, it could be fur-
ther enhanced with semantics if the archetype is linked to
knowledge representations, that might, for example, enable the
system to act on the information directly (e.g., by triggering a
hypertension alert or notiﬁcation if the SBP contained in the BP
is above some threshold,2 or suggest to the clinician some course
of action or provide other existing information. This additional pro-
cessing of the data can make use of shared representations such as
those that can be found in formal ontologies [3]. A further step
would be that of being able to infer knowledge on how to assess,
evaluate and act upon the information, using rules or other auto-
mated reasoning systems.
Ontologies provide the representation for different kinds of
clinical knowledge. For example, the FMA ontology is concerned
with the symbolic representation of the phenotypic structure of
the human body [4,5] and the OpenGalen ontology [6] addresses
clinical statements in a broad sense. While ontologies provide
the basic framework for computational semantics, some inferential
mechanisms allow reaching new conclusions that expand the
boundaries of the declarative knowledge encoded in archetyped
data. This is useful, for example, to support the application of
knowledge about procedures which is typically contained in clini-
cal guidelines [7]. These mechanisms are commonly provided by
combining ontologies with rule languages [8,9].
Clinical archetypes languages (as the ADL speciﬁed by the Ope-
nEHR consortium) currently support neither inference nor rules, so
a ﬁrst required step to allow integrating rules and archetypes is to
translate archetype deﬁnitions to an ontology language as OWL
that supports integration with rules, for example, SWRL rules.3
The principles for translating archetypes to OWL were sketched in2 A reference to this clinical guideline is provided in Section 2.2.
3 The ADL, OWL and SWRL languages will be described in the ‘‘Background’’
section.[10]. Following that preliminary work, the translation algorithm
has been implemented and is currently integrated as a module of
the openEHR Java Implementation Project.4
Going a step beyond, this paper proposes a ﬂexible approach for
reusing declarative knowledge, as the one that is commonly found
in clinical guidelines, in the form of rules. Some examples of that
form of knowledge are provided in Section 2.2. Then, the represen-
tation of the decision points that drive the execution of clinical
guidelines can be approached as a complement to existing arche-
type models. Thus, the rule for triggering the hypertension alert
in the above example could be shared and reused as a complement
to the BP archetype. Moreover, reasoning on archetypes can offer
consistency checks that help validating archetypes and guarantee-
ing data correctness. For example, a reasoner can detect inconsis-
tent restrictions include in an archetype according to the RM or a
parent archetype that is being specialized.
The most recent SemanticHEALTH report [1] deﬁned level 3 of
semantic interoperability as the level that would allow the realiza-
tion of the beneﬁts of computerized support for reminders, alerts,
decision support, workﬂow management and evidence based
healthcare, i.e. to improve effectiveness and reduce clinical risks.
Attaching rules to archetypes represents a step towards level 3.
As pointed out in chapter 4 of the same report, the more complex
process of Electronic Transfer of Prescription is considered among
the areas for which reaching level 3 is a crucial trend. Those recom-
mendations guided our search for level 3 to the area of the task of
medication prescription, which requires comprehensive informa-
tion on concurrent medication and details of known allergies and
conditions.
The rest of this paper is structured as follows. Section 2 gives an
overview of languages and models used, introducing ADL, OWL,
SWRL, openEHR models in addition to the SNOMED-CT clinical ter-
minology. Then, Section 3 provides a review of related work, con-
trasting existing approaches with the one presented in this paper.
Section 4 describes the main elements of the ADL to OWL transla-
tion approach, sketched in preliminary form in [10]. Section 5 sub-
sequently reports on a method for attaching reusable clinical rules
to the OWL representation of archetypes, providing examples that
are useful for implementing patient safety mechanisms. Then, Sec-
tion 6 describes a list of resulting advantages of terminology inte-
gration and mappings to existing clinical ontologies that can be
combined with the approach presented. Finally, conclusions and
future research directions are provided in Section 7.2. Background
This section brieﬂy covers the underlying technologies support-
ing the results described in this paper. Section 2.1 describes the ba-
sics of the openEHR language and representation model. Then
Section 2.2 introduces the Semantic Web languages that will be
used as target languages for the translation of the archetypes.
The section ends by introducing SNOMED-CT, a relevant effort in
systematizing clinical terminology.2.1. ADL and Archetype Object Model (AOM)
One initiative that supports archetypes is the European Com-
mittee for Standardization (CEN) Technical Committee 251 (CEN/
TC 251), which has produced CEN 13606, an EHR extract standard
based on archetypes. The openEHR Foundation5 is an international,
not-for-proﬁt company and online community supporting the devel-
opment of speciﬁcations and tools for EHR interoperability that4 http://www.openehr.org/projects/java.html.
5 http://www.openehr.org/.
Fig. 1. A fragment from the Airway assessment anaesthesiology ADL source code.
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of the CEN/TC 251 effort that provides richer built-in semantics, [11].
The formal language for expressing archetypes in openEHR is
known as Archetype Deﬁnition Language (ADL).6 An ADL ﬁle starts
with a header section followed by a deﬁnition section and an ontol-
ogy section.7 The header section uniquely identiﬁes the archetype
and the clinical concept involved. The deﬁnition section contains
constraints in a tree-like structure created from the reference infor-
mation model. Finally, codes representing the meanings of nodes
and constraints on text or terms as well as bindings to terminologies
such as SNOMED-CT,8 are stated in the ontology section of the arche-
type. However, the mappings are optional and they are not available
in most of the archetypes openly published on the Web nowadays.
Archetypes should fulﬁl a set of design principles.6 A fragment from
a typical ADL ﬁle9 is shown in Fig. 1.
Archetypes are themselves instances of the openEHR Archetype
Object Model (AOM) that speciﬁes the formalism for their deﬁni-
tion. The AOM is an object model of the semantics of archetypes.6
Once they are written in ADL, archetype deﬁnitions can be parsed
using the libraries produced by the openEHR Java Implementation
Project.
2.2. OWL and SWRL
The Ontology Web Language (OWL)10 is a W3C recommendation
for an ontology description language that has gained widespread
adoption and for which a considerable number of tools have been
developed. The translator implementation that is described below
was originally based on the Protégé 3.411 open source platform that
provides both an ontology editor and the Protégé-OWL API (v 3.4)
allowing for the creation, visualization and manipulation of ontolo-
gies in the OWL 1.0 format. As the new Protégé 4 has reimplemented
its interface on top of the OWLAPI,12 which is already designed to
support OWL 2,13 our ADL to OWL translator is also being adapted6 http://www.openehr.org/releases/1.0.2/.
7 It should be noted that this ontology section is not intended to provide formal
ontology deﬁnitions, but terminological mappings with no requirement of strict
computational semantics.
8 http://www.ihtsdo.org/snomed-ct/.
9 Full ADL ﬁles for all the archetypes cited in this paper are available at http://
openehr.org/knowledge/.
10 http://www.w3.org/TR/owl-guide/.
11 http://protege.stanford.edu/.
12 http://owlapi.sourceforge.net/.
13 OWL 2, W3C Recommendation, http://www.w3.org/TR/owl2-overview/.to the new API in order to get the beneﬁts from OWL 2 new features
like Qualiﬁed Cardinality Restrictions (QCRs) (see Section 4.4).
Many health care processes, such as computer aided decision
making or disease diagnosis and treatment, are often best modeled
using a declarative approach, leading to a very active interest in
rule-based systems [12]. However, interoperability among the
multitude of current rule-based systems is limited. The Semantic
Web Rule Language (SWRL) has emerged as a ﬁrst step solution
to increase rule-based systems interoperability from the Semantic
Web perspective. It is based on a combination of OWL with the
Rule Markup Language.14 The combination of OWL and SWRL pro-
vides inference capabilities beyond the classiﬁcation capabilities
built into the description logics [13] implemented by OWL. A SWRL
extension to overcome complex scenarios that include mathematical
relationships and formulas that exceed current SWRL capabilities is
proposed in [14]. In the clinical environment, several kinds of rules
can be expressed with this logic.
Examples of decision points and declarative knowledge con-
tained in clinical guidelines that can be entirely or partially repre-
sented and shared by merging archetypes and rules are the
following:
 Transverse Sinus Ligation: The research reported in [10] was spe-
ciﬁcally oriented to aid intraoperative monitoring on Transverse
Sinus Ligation by combining SWRL rules with the OWL version
of the Intravascular Pressure archetype.
 Antibiotic prescribing: A complete example on respiratory tract
infections is described in Section 5.2.
 Stages of COPD:Deﬁned in the Pocket Guide to COPD Diagnosis,
Management, and Prevention.15,16
 Risk assessment of pressure ulcers: a key element in the Preven-
tion and Treatment of the Pressure Ulcers guideline from
NICE.17,18
 Alerts and risk of CVD:Included in the keymessages of the Seventh
Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure.19,2014 http://www.w3.org/Submission/SWRL/.
15 COPD – Chronic Obstructive Pulmonary Disease.
16 http://www.goldcopd.com/guidelinesresources.asp.
17 NICE – National Institute for Health and Clinical Excellence.
18 http://guidance.nice.org.uk/CG29/QuickRefGuide/pdf/English.
19 CVD – Cardiovascular disease.
20 http://www.nhlbi.nih.gov/guidelines/hypertension/jncintro.htm.
Fig. 2. Root class (OWL Manchester Syntax).
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SNOMED-CT is a comprehensive clinical terminology, originally
created by the College of American Pathologists (CAP) and, as of
April 2007, owned, maintained, and distributed by the Interna-
tional Health Terminology Standards Development Organization
(IHTSDO), a not-for-proﬁt association in Denmark. It provides the
core general terminology for the EHR and contains more than
311,000 active concepts with unique meanings and formal logic-
based deﬁnitions organized into hierarchies [15]. The semantic
completeness of SNOMED-CT has been audited in [16].
In the examples below, our approach uses the OWL version of a
SNOMED-CT subset including allergies, drugs and respiratory tract
infections. The barriers and beneﬁts of expressing SNOMED-CT as
an OWL ontology have been discussed elsewhere, e.g. in [17,18].
The representation of SNOMED concepts in OWL is here accom-
plished as recommended by Wroe [19]. The SNOMED-CT terminol-
ogy is oriented to classiﬁcation and description purposes
concerning the represented clinical concepts. Translating that
knowledge into OWL allows for SWRL to combine it with the
OWL version of the openEHR Reference Model6 that is designed
to represent not the concepts deﬁnitions, but their manifestation
in patients. This allows the use of the results of inference processes
to enrich patient’s information and to provide means for automat-
ically improving or supporting decision making and monitoring
tasks (see Section 5).21 http://www.ieru.org/ont/openehr/adl2owl.htm.
22 Considering the ADL tree as a graph, the traverse method applied by the
translation process resembles the Depth First Search pattern or DFS. It extends the
current path as far as possible before backtracking to the last choice point and trying
the next alternative path. A deeper explanation can be found in [26].3. Related work
It should be noted that translating ADL deﬁnitions to OWL can
be done in two different ways. In the ‘‘mapping archetypes as clas-
ses’’ method, the ADL deﬁnitions can be considered as ontology
classes that specialize the ontology representation of the RM. So,
real data (about the patients and clinical facts) will be represented
as instances of those classes. An alternative approach [20] takes
archetypes as instances of the upper level, leaving no room for pa-
tient data instances. Taking the Airway assessment anaesthesiology
archetype as an example, we can translate its components into a
group of RM specialized classes (e.g. specializing the EVALUATION
class, the ITEM_TREE class, etc.) or we can consider the archetype
itself as instance data, in which case it is translated into instances
of some class representing archetypes. Since inference execution
over recorded data is our ﬁnal goal, we choose the former perspec-
tive, thus storing the real data as instances of the specialized clas-
ses. In contrast, the approach in [20] has selected the latter method
because its main objective is to facilitate semantic search at the
archetype speciﬁcation level, thus being unconcerned with using
archetypes as a model for the manipulation of data in the form
of instances.
The translation principles explained here are consistent with
the ones outlined in [21,22], where archetypes were translated to
OWL for the purpose of achieving the interoperability of Web Ser-
vice messages exchanged in the health care domain.
A complete description containing the limitations of OWL 1
datatyping can be found in [23]. That research proposed an exten-
sion to OWL DL, called OWLEu, that integrates a large family of
decidable Description Logics with unary datatype groups, so as to
support user-deﬁned datatypes. However, the emerging OWL 2
adopted a different approach that is used in Section 4.2 to capture
the quantitative constraints of archetypes.
In another direction, Chen et al. [24] describe an application
based on Protégé and Java technologies aimed at translating the
visual representation of clinical guidelines rules to a representa-
tion in XML, which in turn is transformed to Jess rules for execu-
tion. Although their results show high levels of effectivenesswhen tested against historical data, the rules derived from the
guidelines and the data instances used are not expressed in a lan-
guage that is independent from their particular implementation.
This entails difﬁculties with sharing and reuse that preclude
reaching level 3 of semantic interoperability [1]. In contrast, our
approach relies on the integration of widely accepted models
and standards.
Relevant previous work on terminology mappings includes a
general methodology for deﬁning code binding interfaces in OWL
[25]. That approach needs to be further evaluated in order to be-
come widely accepted as a key step towards semantic interopera-
bility. In that direction, Section 6 illustrates several applications
and advantages that arises from a similar binding when applied
to the case of openEHR, OWL and SNOMED.4. Translating ADL deﬁnitions to OWL
This section describes the key technical elements of the transla-
tion implemented. Section 4.1 describes the general aspects of our
automatic translation approach from ADL to OWL. Then, Section 4.2
details the mappings of quantitative constraints to the OWL ver-
sion of the archetype. Section 4.4 gives a recommendation on
how to translate the occurrences constraints. Then, Section 4.3
describes the importance of annotation properties as a means to
support a reusing technique and Section 4.5 shows a method for
constraining an archetype term to a small and ﬁnite set of values.
A mapping reference including the formal rules for these transla-
tion techniques is available on the Web.21
4.1. A translation guided by the DFS22 pattern
During translation we deal with two different information trees.
One of them belongs to the archetype level and it is deﬁned by the
ADL ﬁle as shown in Section 2.1. This containers-tree has a variable
structure because it depends on the objectives of speciﬁc clinical
situations. The other one is the hierarchal tree conforming to the
RM, which has the same structure across different archetypes.
According to our approach, each level of the archetype tree deﬁnes
a subclass of an entity belonging to the RM tree. Consequently, in
order to map the archetype tree to OWL we need to specialize
the corresponding RM classes while preserving the archetype tree
relations between the new classes. Note that both trees are mixed
in a way that remains compatible with the original RM structure.
The point of departure is the mapping of the openEHR RM to
OWL developed by Román et al. [27]. Archetype deﬁnitions start
with an ENTRY subtype like EVALUATION, INSTRUCTION, ACTION
or OBSERVATION. Essentially, an archetype constrains the in-
stances of such categories, so a main translation principle is having
those ENTRY categories as classes and each archetype deﬁnition
becoming a subclass depending on the subtype.
We will now take as an example the translation process of the
Airway Assessment Anaesthesiology archetype. The translation pro-
cess and principles illustrated through this EVALUATION archetype
Fig. 3. Inherited properties are restricted to guarantee OWL and ADL structure
compatibility. In this example, the yellow ovals represent the RM classes being
restricted by the Airway Assessment Anaesthesiology archetype. The blue ovals
represent the OWL subclasses implementing those restrictions. The Xed out yellow
dotted lines and the blue dotted lines represent the addition of new owl:allValues-
From restrictions that override the inherited ones and conﬁne the bindings to the
subclasses deﬁned for this archetype. Thus, we are simulating the archetype tree-
like structure on top of the RM.
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fragment provided in Fig. 2 illustrates the mapping from the arche-
type root deﬁnition (partially depicted in Fig. 1) to the Airway
Assessment Anaesthesiology OWLManchester Syntax.23 The rdfs:sub-
ClassOf property is being used to inherit all the EVALUATION fea-
tures. The name of the new OWL class is retrieved from the ADL
ontology section using the ADL node identiﬁer, in the case of the
example [at0000]. This code is attached to the class by an annota-
tion property24 named NodeID.
In addition to translating each ADL node to an OWL class, we
need to preserve the connections established by ADL relations like
data. By translating these ADL relations to OWL object properties
and restricting them by means of an owl:allValuesFrom25 property,
we guarantee that deﬁned classes exactly map the conﬁguration of
the structure in the archetype speciﬁcation.
Fig. 3 illustrates how the archetype classes are created as a spe-
cialization of their RM categories. At the same time, the OWL sub-
classes have a restriction on their main property that force
instances to be related only to the next downwards archetype class
members. For example, CLUSTERs can point to any ELEMENT
through the items property, but the Teeth and dentures subclass
is restricted to the CrownsCapsPresent subclass of ELEMENT. As
archetypes feature a tree-like structure we repeat the above steps
for each level until the entire hierarchy is mapped.
At the ADL’s bottommost level we ﬁnd several types of data-val-
ued constraints (e.g. C_BOOLEAN, C_DATE, etc.) that are translated
to their counterparts in the RM ontology whose names start with
DV (e.g. DV_BOOLEAN, DV_DATE). The following subsections explain
the particular cases where translation is more complex or requires
speciﬁc mapping procedures.23 http://www.w3.org/TR/owl2-manchester-syntax/.
24 Annotation properties are pieces of metadata that can place annotations on
classes. Other groups of properties can only relate data values, individuals and
ontologies.
25 Also known as a universal restriction, owl:allValuesFrom is a built-in OWL property
that constrains the relationships along a given property to individuals that are
members of a speciﬁc class [28].4.2. Capturing quantitative constraints in the form of user-deﬁned
datatypes
Archetypes allow a wide variety of constraints to be applied to
the primitive types located at the ADL’s bottommost level. For
example, in the case of indicators like rates, temperatures, indexes
and pressures, constraints are commonly needed to represent lim-
its in measurement. The OWL 1 language presents serious disad-
vantages for covering such restrictions. Nonetheless, it allows
constraining the cardinality of relations using the owl:cardinality
built-in and it can also guarantee the link with a certain type of in-
stance by using the owl:hasValue built-in.26 By combining both
restrictions, we can constrain a primitive type to a small and discrete
set. However, this technique is not sufﬁcient for dealing with a con-
tinuous range deﬁned by a minimum and a maximum value.
To overcome this issue, our approach applies a solution pro-
vided by Knublauch in [29]. He proposed the use of a small exten-
sion ontology xsp.owl that deﬁnes RDF properties to represent XML
schema facets. Once imported, user-deﬁned datatypes can be
embedded into the same ﬁle. We decided to choose this method gi-
ven its simplicity and consistency when implemented as part of
the automatic translation process.27
Continuing with the Airway assessment anaesthesiology example,
it contains the Wilson risk score ELEMENT as showed in Fig. 4. The
DV_COUNT class from the RM is used inside the ELEMENT to repre-
sent this score as an integer between 0 and 10, including both. Its
corresponding OWL code, according to Knublauch recommenda-
tion, is also given in Fig. 4.4.3. Annotation properties as a reusing technique
Archetypes deﬁnitions allow the reuse of previously deﬁned
constraints such as ELEMENTS and ITEM_STRUCTURES, making
the entire deﬁnition more compact and less redundant. The use_-
node ADL clause has been created for this purpose. It works by ref-
erencing an ADL node from the location where it should be
repeated. A reliable path that identiﬁes the node in the ADL text
(concatenating the [atXXXX] IDs of its containers) serves as an
internal reference. As explained in Section 4.1, those term IDs are
mapped in OWL using the annotation property NodeID that links
the OWL classes with their ADL ID.
When parsing an ADL ﬁle, use_node statements like the one in
Fig. 1 are interpreted as instances of the ArchetypeInternalRef AOM
class. This class eases the process of ﬁnding the archetype node
that is going to be reused, like the Comment ELEMENT in this case.
In order to map the use_node statement to OWL we link the con-
tainer structure (i.e. the Teeth_and_dentures CLUSTER) with the
OWL version of the referenced node (i.e. the Comment ELEMENT).
The OWL fragment in Fig. 5 guarantees such linkage by means of
the owl:allValuesFrom restriction.4.4. Constraining the occurrences of certain structures
The ADL syntax includes the occurrences{. . .} statement to
restrict the times a particular piece of information can be recorded
as part of its container. It differs from the cardinality{. . .} clause
in that it affects the contained structures themselves instead of the
entire collection count. Both occurrences and cardinality are equiv-
alent restrictions only in the case where the container includes a
single type of structure. In consequence, the occurrences restric-
tion is stronger than cardinality.26 http://www.w3.org/TR/owl-ref/#hasValue-def.
27 OWL 2 has adopted a very similar solution to deal with user-deﬁned datatypes.
Fig. 4. A DV_COUNT constraint (ADL and OWL Manchester Syntax).
Fig. 5. ADL occurrences statements expressed in the OWL Manchester Syntax.
Fig. 6. A DV_CODED_TEXT to record the Thyromental distance (ADL and OWL Manchester Syntax).
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tions (QCRs)28,29 that are suitable to capture the semantics of the
ADL occurrences restrictions because the term qualiﬁed indicates
that they apply only to a speciﬁc type of value rather than to the
property overall. Taking as example the Teeth and dentures CLUSTER
shown in Fig. 1, we can translate those occurrences restrictions
using QCRs and represent them in the OWL Manchester Syntax as
in Fig. 5.
Other alternative workarounds based on subproperties were
discarded because they do not enforce the property to be used only
through one of its subproperties, thus allowing for the archetype
tree-like structure to be invalid. This kind of workaround was dis-
cussed by Rector and Schreiber [30].4.5. Limiting possible values to a small and ﬁnite set
Pieces of data that must be recorded as text fragments are usu-
ally instances of DV_TEXT. The corresponding RM class in the
ontology is used to contain character strings arranged as words,
sentences, etc. However, if the use of a controlled vocabulary or
terminology is sought, then the DV_CODED_TEXT class allows the
deﬁnition of value sets in groups using codes and rubrics. Codes
themselves are contained within the defining_code attribute
of the class.
Other situations require the recording of symbolic values
when exact values are not of interest or they are unknown.28 http://www.w3.org/TR/owl2-quick-reference/.
29 http://www.w3.org/TR/owl2-new-features/.The main purpose is usually to classify patients into fuzzy
intervals for which different decisions might be made. Take
for example the characterization of mobility as being ‘‘immo-
bile’’, ‘‘very limited’’, ‘‘reduced’’ or ‘‘full’’. This is what DV_ORDI-
NAL class is designed for.
In both cases, the translation process must ensure that in-
stances from the resulting OWL class can only take data values
from the listed ﬁnite set. Working from the ﬁrst part of Fig. 6,
the translation specializes the OWL version of the DV_CODED_-
TEXT class to only accept the codes at0012 and at0013 when
related through the code_string DatatypeProperty. To deal with
all possible values, we traverse the code set in order to deﬁne
an owl:hasValue statement restricting the code_string property
for each accepted code. Then, all the restrictions are combined
with an anonymous union class that becomes a superclass of
the Thyromental distance class. Finally, as rubrics are human read-
able information (i.e. ‘‘>7 cm’’), they are connected to the class
through an annotation comment. Fig. 6 shows the resulting
OWL deﬁnition.
Another alternative workaround for this translation is based on
the owl:allValuesFrom. First, a new Enumerated Datatype30 is cre-
ated, including all accepted codes. The code_string property is then
restricted using an owl:allValuesFrom so that all related data values
are within the data range that has been created. This second proce-
dure does not require a union operation. Both approaches have the
same effect but we have selected the ﬁrst one due to ease of
implementation.30 http://www.w3.org/TR/owl-ref/#EnumeratedDatatype.
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The translation techniques described above allow for develop-
ing and integrating ontologies into decision support and knowl-
edge management software, as archetype semantics are fully
transferred to the ontology representation. Incorporating SWRL
rules to the OWL version of archetypes is an essential next step to-
ward the interoperability between heterogeneous systems. As an
example implementation, we discuss an inference process based
on the Jess-Java bridge31 provided with the Protégé ontology editor.
The Jess engine is a production rule system with forward chaining to
achieve inferred results.
For the knowledge base to be accessible, we need to integrate
both OWL ontologies and SWRL rules. As pointed out by Horrocks
et al. [31], the integration of the OWL ontologies and SWRL offers
several advantages and goes beyond that of either OWL DL or Horn
rules alone.
Section 5.1 describes the rationale for sharing SWRL rules in the
context of archetype-based ontologies. The subsequent sections
provide examples of how rules support the integration of informa-
tion available from clinical guidelines (Section 5.2) and the
SNOMED-CT (Section 5.3) terminology.32 Finally, Section 5.3 de-
scribes how all these SWRL rules can be combined to improve pa-
tient safety for a particular situation.
5.1. Sharing and reusing SWRL rules
Modeling knowledge by using SWRL rules and then sharing
them by means of SWRL repositories33 are consistent with the shar-
ing principles of archetypes. Reasons include:
 Full semantic interoperability: The ability of systems to reliably
communicate with each other regarding clinical decision sup-
port, monitoring and alerts. This has been recognized as one
the main goals in order to reach level 3 of semantic
interoperability.
 Inheritable compatibility: Given that archetypes can be deﬁned
as specializations of more general archetypes, a SWRL rule orig-
inally designed according to the OWL version of a parent arche-
type is also applicable to derived archetypes.
 Fostering semantics for clinical guidelines: The introduction of
SWRL rules and inferential mechanisms together with the
archetypes expands the boundaries of the declarative knowl-
edge that can be migrated from clinical guidelines to healthcare
information systems.
This has the additional potential beneﬁt of being complemented
with inferential models deﬁned on some clinical ontologies (not
coming from archetype translation) as will be described in what
follows.
5.2. Guiding the execution of a guideline for respiratory tract infections
through SWRL rules
Section 5.2.1 provides examples of primary care guidelines for
which alerts, risk factors or decision points are expressed through
SWRL rules. Concretely, the translation of three fragments of the
Respiratory tract infections – antibiotic prescribing published by NICE
is described. The objective is to automatically recommend antibi-
otic prescriptions based on three SWRL rules deﬁned according31 http://smi-protege.stanford.edu/svn/swrl-jess-bridge.
32 It should be noted that the examples are used to illustrate the representation
mechanisms, they are not provided as validated clinical practice.
33 SWRL rules based on openEHR archetypes could be hosted by their own
repositoryto the NICE guideline and the information retrieved from the
OWL version of the Problem archetype. Results are attached to
the archetype instance using the hasInferredAlert property that
can be deﬁned in the same OWL ﬁle that stores the SWRL rule.
These results provide means for automatically improving decision
making and monitoring tasks.5.2.1. Immediate antibiotic prescription
The ﬁrst guideline fragment states that immediate antibiotics
should be offered to patients who have symptoms and signs sug-
gestive of ‘‘Pneumonia’’, ‘‘Mastoiditis’’, ‘‘Peritonsillar abscess’’ or
‘‘Peritonsillar cellulitis’’. These disorders are uniquely identiﬁed
by instances of terminology codes (e.g. the SNOMED-CT code for
‘‘Pneumonia’’ is 233604007). We can reuse them to ﬁll a new class
named ImmediateAI, that is to say Immediate Antibiotics Infections.
Hence, the immediate prescribing depends on whether the code
of the diagnosed disorder is a member of this class or not. Note that
further guideline modiﬁcations in the list of disorders requiring
immediate prescribing will only force the update of the Immedia-
teAI class while the SWRL rule can stay unmodiﬁed.
The diagnostic data are collected from the Problem archetype
that is designed to record a clinician-deﬁned condition or issue
that is deemed summative of a range of symptoms of the person.
The archetype provides the SNOMED-CT codes for the described
condition and for the attributed diseases. If any of them is a member
of the ImmediateAI class, then the patient is considered to be at risk
of developing complications so the rule raises an alert that recom-
mends immediate antibiotic prescribing. Such a rule should in-
clude a disjunction operator as there are two ELEMENTs to check
in the archetype, and the same happens in the other two guideline
fragments that are described below. However, SWRL does not sup-
port disjunctions of atoms, so they are checked in separated
rules.34 Fig. 7 shows the rule that queries the described condition
according to the guideline’s ﬁrst fragment.
Depending on the clinical assessment of severity, the second
fragment analyzed here states that an immediate prescribing strat-
egy is recommended for children younger than 2 years with ‘‘Bilat-
eral acute otitis media’’. Since there is a only single disorder to
check in this case, it makes no sense to deﬁne a new class; we
can directly use the SNOMED-CT code. The patient’s age is obtained
from the Age at initial onset ELEMENT, also included in the OWL ver-
sion of the Problem archetype. The antecedent part of the SWRL
rule in Fig. 8 considers all these parameters, including the age com-
parison,35 while the consequent part is the same as the former rule
because the prescribing strategy is also immediate.5.2.2. Delayed antibiotic prescribing
The third guideline fragment states that a delayed antibiotic
prescribing strategy should be considered for patients with ‘‘Acute
otitis media’’, ‘‘Acute pharyngitis/Acute tonsillitis’’, ‘‘Common
cold’’, ‘‘Acute rhinosinusitis’’ or ‘‘Acute bronchitis’’. A new class
named DelayedAI or Delayed Antibiotics Infections is deﬁned in an
analogous manner with the ﬁrst fragment translation. Fig. 9 illus-
trates the new rule that attaches SNOMED-CT codes recommend-
ing delayed prescribing when one of the above disorders
(classiﬁed as DelayedAI) is detected. The consequent part is also
similar to the one in the ﬁrst rule. In contrast the priority qualiﬁer
has been set to ‘‘Delayed’’.The SWRL-FOL extends SWRL by adding the standard logical connectives such as
negation and disjunction from ﬁrst order logic in spite of the fact that their addition
may complicate the language semantics, http://www.w3.org/Submission/2005/
SUBM-SWRL-FOL-20050411/.
35 A number of core built-ins for mathematical and string operations are contained
in the SWRL Built-in Proposal. These built-ins are deﬁned in the ﬁle swrlb.owl, which
has the namespace http://www.w3.org/2003/11/swrlb.
Fig. 7. Antibiotic prescribing – SWRL rule (1st fragment).
Fig. 8. Antibiotic prescribing – SWRL rule (2nd fragment).
Fig. 9. Antibiotic prescribing – SWRL rule (3rd fragment).
Fig. 11. Control ﬂow for the chained execution of SWRL rules as an aid to decision
making in antibiotic prescribing and allergy detection.
350 L. Lezcano et al. / Journal of Biomedical Informatics 44 (2011) 343–3535.3. Validating medical prescriptions
Working in the context of abnormal reactions and allergies to
medications, where decision support can substantially improve
support for the prescribing process, we take the OWL versions of
two archetypes (Medication and Adverse Reaction) and a subset of
SNOMED-CT as our point of departure (see Section 2.3). The objec-
tive is to prevent interactions according to known allergies stored
in the patient’s EHR.
The Medication archetype speciﬁes the description of the medi-
cation as part of an INSTRUCTION or ACTION record taken with re-
spect to medication. This will usually occur in response to a
medication order or prescription, but may be self administered
or supplied by a pharmacy. The archetype provides the SNOMED-
CT code that links with the term that represents the medication
substance. It also includes a Deferred supply ELEMENT that is set if
the medication supply is delayed, as occurs in the previously men-
tioned guideline. Alternatively, the Adverse Reaction archetype is
usually employed for recording anomalous reaction(s) to a partic-
ular ‘Agent’. The SNOMED-CT code corresponding to the reaction
substance is provided.
It may be speciﬁed that the decision on whether the prescrip-
tion should be approved or not depends on the proximity between
the medication substance and the reaction substance terms inside
the SNOMED-CT ontology. Such proximity can be traced by follow-
ing the causative Agent relationship that links every allergywith the
drugs or substances that caused it. For example, the Co-ﬂuampicilFig. 10. Allergy detection – SWRL rule.
Fig. 12. Archetypes connected through the SNOMED-CT ontology.
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Agent relationship. Therefore an Ampicillin prescription must not
be issued to a patient whose EHR stores a sample of the Adverse
Reaction archetype containing the code for Floxacillin and viceversa.
Once the problem is detected, a new alert is attached to the in-
stance of Medication archetype using the hasInferredAlert property
as explained in Section 5.2.
In the SNOMED-CT ontology causative Agent is a relationship be-
tween the DrugAllergy class and the Drug class. Thus the SWRL rule
in Fig. 10 captures the allergy detection algorithm described above.
This rule can be invoked independently as an aid to the prescrip-
tion validation process. Nevertheless, the beneﬁts are more evident
when SWRL rules are chained than when they are isolated. In fact,
the execution of the antibiotic prescribing rules in Section 5.2 can
be considered a triggering event for the rule in Fig. 10. The ﬂow
chart in Fig. 11 describes the control ﬂow for the combined execu-
tion of these rules. Note that the process cannot be carried out
without human intervention in between the inference execution
blocks. For example, a doctor must select the type of antibiotics
and the active ingredient that is going to be offered to the patient
between the antibiotic prescribing alert, which is raised in the left
side of Fig. 11, and the moment when the prescription becomes
effective in the right side. Still, it is a reliable method that improves
patient security during diagnosis and treatment. Also note that
execution scalability is well supported as newly prescribing guide-
lines can be concurrently launched in the left side, previously to
the prescribing validation stage in the right side.376. Mapping to existing terminologies
The creation of methods for properly binding archetypes and
terminologies, and the capacity to do it at a semantic level, is a nec-
essary condition to reach level 3 of semantic interoperability. For
the purpose of executing the inference, this paper has described
an approach where archetypes are ﬁrst translated into OWL and
then enriched with SWRL rules. The translation allows for the bind-
ings listed in the term_binding section of the archetypes to be
transformed into a set of equivalence relations between the arche-
type OWL classes and the SNOMED-CT OWL classes. This kind of
relation can be stated using the owl:equivalentClass built-in36 prop-
erty that links two class descriptions, A and B, in a way that if an
individual is a member of the class A then it also satisﬁes the condi-
tions to be a member of the class B and vice versa. This is quite help-
ful in practice because it encourages the following features to be
implemented.
6.1. Ontology navigability
Equivalence relations allow paths between concepts in different
ontologies that were previously unrelated. For example, the ope-
nEHR repository organizes archetypes according to the ENTRY type
of which archetypes are subtypes. That allows the Pregnancy arche-
type and the Movement of the fetus archetype to be classiﬁed sep-
arately because the former is an EVALUATION while the latter is
an OBSERVATION. Consequently, only the indirect path through36 http://www.w3.org/TR/owl-ref/#equivalentClass-def.the ENTRY class connect both concepts. However, once they are
mapped to SNOMED-CT terms, a more signiﬁcant path can be
traced as shown in Fig. 12. Relating archetypes from different
sources supports better management and user navigation in arche-
type repositories. A computational technique to generate tentative
archetype associations by mapping them through terms from the
UMLS37 Metathesaurus is detailed in [32].
6.2. Data correctness
The incorporation of SWRL rules into ontologies improves the
reasoner’s capabilities to maintain the coherence with current
knowledge. In addition, the requirements for fulﬁlling a larger set
of logical conditions, because of equivalence relations, increase
the likelihood of data correctness. For example, an archetype ele-
ment like Herpes simplex may be misused in some cases because
its name accepts two different classiﬁcations. The term ‘‘herpes
simplex’’ may be classiﬁed as an organism (i.e. the human herpes
simplex virus) or it may act as a disorder (i.e. the herpes simplex
viral infection).38 SNOMED-CT solves this ambiguity by assigning
unique Concept IDs to each one of the classiﬁcations. If an equiva-
lence relation is established between the ELEMENT OWL class and
the disorder concept then it has to support a number of SNOMED-
CT attributes like causative Agent, severity, etc. On the other hand,
if it is mapped to the organism concept, then relations through men-
tioned attributes are not allowed.
6.3. Knowledge integration
Fig. 13 represents the combination of archetypes with the
SNOMED-CT contribution in deﬁning the Drug Prescription and
the Adverse Reaction concepts after the establishment of the equiv-
alence relations. For example, the Adverse Reaction concept con-
tains the Date of Exposure property that comes from the
archetype, while the severity attribute comes from SNOMED-CT.
Note that properties are automatically available on both sides
(archetype ontology and SNOMED-CT ontology) once the equiva-
lence is asserted. This avoids the redeﬁnition of clinical concepts
while providing a means for reusing the already existing ones.7. Discussion and conclusions
Managers and developers in the Healthcare domain have de-
vised and put in practice different approaches to support the inter-
operability between heterogeneous systems. This includes the
development of terminologies like SNOMED-CT and information
models like the openEHR project. The research presented here ex-
tends those previous efforts by incorporating ontologies and rules.
Concretely, archetypes have been extended with computational
semantics by translating them into OWL. A translation method was
devised to accomplish this task automatically. Once translated to
OWL, archetype deﬁnitions can be enriched with SWRL rules and
in this way solve the ADL’s lack of support for introducing infer-http://www.nlm.nih.gov/research/umls/.
38 In OpenGALEN, there are also two different terms HerpesSimplexVirus and
HerpesSimplexInfection.
Fig. 13. Archetypes and SNOMED-CT contribution in deﬁning the Drug Prescription and the Adverse Reaction concepts.
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soner can then execute the inference and produce data for different
purposes. For example the data could be directly delivered to the
end user through a dedicated interface or they could be stored in
a repository for further access. In the clinical domain, these results
provide a means to improve tasks such as decision making, patient
monitoring tasks, and maintenance of data consistency.
Having inference mechanisms and descriptive knowledge com-
bined under the same syntactic structure provides means for the
interoperability of rule systems. For example, Argüello and Des
[8] explain how encoding OWL domain ontology fragments and
SWRL rule fragments as the inputs and outputs of Web Services
represents a signiﬁcant step towards dynamic discovery, composi-
tion, and invocation without user intervention.
According to the requirements of the clinical project mentioned
in the acknowledgments, the translations principles described
above were implemented for the purpose of translating the
OBSERVATION and EVALUATION categories of archetypes (cur-
rently accounting for roughly 70% of the openEHR repository).
After its integration as a module of the openEHR Java Implementa-
tion Project, the implementation is being completed in order to
cover all subtypes of archetypes. These archetypes have been
authored by experts and clinicians from all over the world, moder-
ated by the openEHR Archetype Editorial Group. The translator has
also been tested with two archetypes designed by clinicians at the
Fuenlabrada Hospital in Madrid, and continues to be used in other
contexts. For the automatic ADL to OWL translation to perform cor-
rect parsing and translation of any kind of archetype, the imple-
mentation must cover the entire set of RM types and all their
possible combinations. In order to avoid the maintenance prob-
lems that this approach could provoke, the design process should
follow the same hierarchical principles of the RM. This way, we fos-
ter the ease of evolution of the implementation.
As for integration with SWRL, six rules have been tested includ-
ing the ones described in this paper. Technical details of patient’s
data instantiation and inference execution are given in the Trans-
verse Sinus Ligation case study described in [10] and a graphic
workﬂow description of that same architecture is provided in
[33]. Although the rest of rules were tested in a similar environ-
ment, it should be noted that they are deﬁned in terms of arche-
type elements, thus they are totally independent of the
underlying architecture. In fact, once the SWRL rules are bound
to the OWL version of the archetype, their proper execution only
depends on the support provided by the reasoner selected (e.g.
Pellet or Jess). This promotes the reusability and shareability of
the knowledge expressed in the form of rules, which is consistent
with the philosophy of open sharing of archetypes. Rules can be
executed individually, but substantial results come from forward
chaining reasoning and rules concatenation as the example illus-
trated in Section 5.3. With regard to the limitations of the inferenceprocess, there is no speciﬁc restriction for this OWL and SWRL inte-
gration. Thus, inference boundaries are imposed by the language
itself and the reasoner (e.g. the creation of new named individuals
and the use of complex mathematical functions, as fractal func-
tions or exponential sums, which are not currently supported by
SWRL).
In addition to the value added by the inference capabilities, tak-
ing the OWL version of archetypes as metadata allows for ontolo-
gies to be used to index these clinical statements and provide
better tools of retrieval. There have already been several research
efforts that address the indexing of information by means of ontol-
ogies [34], and according to Kalra [35], archetypes indexing and
archetypes repository services fall into the areas needing research
inside the semantic interoperability domain. With the increase in
the amount of deﬁnitions, archetypes management will become a
key matter of concern.
Further, we explored a way to have archetypes and SNOMED-CT
working together through the OWL interface. The Semantic-
HEALTH report in [1] claims that in order to achieve the overall
objective of semantic interoperability, it is imperative that both
methodologies and tools are developed with the aim of binding
terminologies, EHRs and decision support. Some issues related to
the connections between Information, Terminology, and Inference
Models have also been studied by Rector et al. [36]. We have found
that the environment offered by OWL ontologies provides re-
sources to consistently bind both technologies as explained in
the prescriptions example in Section 5.3. By establishing semantic
connections, the beneﬁts from the mappings between archetype
concepts and SNOMED-CT terms can be exploited. Nonetheless,
the success of this approach depends on the quality and accuracy
of data mapping to terminology codes, which is still controversial,
as stated by Qamar et al. [37].
Future work will focus on the evaluation and assessment of this
technique by gathering more results from real clinical environ-
ments. Also, methods for modifying and improving the original
ADL deﬁnitions after processing their OWL representation will be
considered (round tripping). That includes, for example, consistency
checks to help validating archetypes and detecting inconsistent
restrictions according to the RM or the specialized parent arche-
type. Further steps in the translation development include evaluat-
ing the compatibility of the approach presented with the CEN
13606 standard, and further advances in sharing archetype-based
data expressed in OWL as open linked data.
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